S pontaneous abortion, defined as pregnancy loss of a clinically recognized gestation before completion of the 20th week of gestation, occurs in up to 20% of all pregnancies. [1] [2] [3] In approximately 19%, pathologic examination reveals a localized defect or an identifiable syndrome. 4 For prenatal evaluation of embryonic and fetal structural assessment in miscarriages, sonography is considered the "gold standard." 5, 6 Sufficient sonographic visualization and detection of embryonic and fetal structural anomalies, including alterations of the surface via 3-dimensional (3D) surface-rendering techniques, are generally possible in embryos presenting with a crown-rump length (CRL) of at least 8 mm. 7 The neural tube in human embryos is known to be closed when the embryo reaches a 5-mm CRL. 8, 9 The aim of this study was to perform sonographic evaluation of neural tube defects (NTDs) in embryos and fetuses in cases of missed abortions.
Materials and Methods
From March 2010 to September 2015, 340 asymptomatic women with a missed abortion were prospectively included in the study. All patients were referred to our unit by local obstetricians because of a suspected missed abortion. The evaluation was approved by the local Ethics Committee, and all affected women enrolled in this study provided informed consent to participate in this survey. At our unit, a transvaginal ultrasound scan is mandatory in gestations with suspected embryonic or fetal demise during the first trimester. The scan is routinely conducted by 3 physicians with expertise in embryonic/fetal sonography according to national and international guidelines using high-resolution 6-to 12-MHz curved array probes. The equipment used consisted of Voluson 730 Expert, E8 Expert and E10 ultrasound machines (GE Healthcare, Milwaukee, WI, USA). The examination performed included 2-dimensional and 3D surveys with a postrendering process of actual and stored volume sets and application of HDlive TM technology (GE Healthcare, Milwaukee, WI, USA; HDlive TM has been routinely used since November 2011). Three-dimensional static imaging was carried out in a standardized manner with a sector width of 35 8 and a sweep speed of 2 to 3 seconds (high quality). To further enhance the diagnostic value, harmonic imaging as well as all preprocessing mechanisms remained enabled during the examination. In cases where the embryonic axis could not be determined, or in cases with an advanced autolysis, visualization was defined as poor. The embryos were classified on the basis of the Carnegie stages. 10 Pregnancy demise due to standard 2-dimensional features-including embryonic CRL greater than 5 mm without cardiac activity or a CRL less than 5 mm without embryonic growth in an interval not less than 7 days 11 -was confirmed in all 315 (100%) cases where an embryo was detected.
For all women, a complete medical history was recorded, including body mass index, comorbidities, current medication, prior surgery, allergies, and previous pregnancies. Data collection in subsequent pregnancies after this index pregnancy was included where applicable.
Postmortem macroscopic pathologic evaluation was carried out in cases with a delivered intact embryo/fetus.
According to national health guidelines, embryonic/ fetal karyotype was not routinely obtained, as it is recommended only for women with repeated miscarriages. When the karyotype was available, it was incorporated in this study.
Results
In 315 of 340 cases of missed abortion, at least 1 embryo or fetus was present. Ninety-two embryos (27.1%) could not be adequately evaluated sonographically because of a CRL less than 8 mm and/or advanced autolysis and thus were not included in the final analysis. Sufficient diagnostic quality was generally achievable when the CRL exceeded 8 mm. 7 Among 223 embryos/fetuses, 37 showed an NTD (16.6%) and consisted of 27 of 37 cephaloceles (Figure 1) , 5 of 37 anencephalies/exencephalies (Figure 2 , A-C), 3 of 37 spina bifidas (Figure 3 ), 1 of 37 caudal regression syndrome ( Figure 4 ) and 1 of 37 iniencephaly ( Figure 5 ). In 26 of 37 (20-5-0-0-1), a defective closure site could be allocated to an area corresponding to type III, IV, and V defects. 8 The mean CRL at the time of detection was 20.5 mm (7.8-46.8 mm). An umbilical cord cyst was detected prenatally in 1 case with cephalocele and another with anencephaly. Additional alteration in the embryos or fetuses was not observed either pre-or postnatally. In 7 of 37 cases, embryonic/fetal karyotyping was carried out and showed no aneuploidy.
Maternal age ranged from 24 to 42 years with a mean of 31.6 years. Fifteen pregnant women had therapy-relevant hypothyroidism, while 1 woman had insulin-dependent diabetes mellitus. None of the women (0 of 37) were using folic acid supplementation. Eight women presented with a body mass index greater than 30 and were classified as obese. A minority of women (13 of 37) had at least 1 uneventful prior pregnancy and a healthy child. Of the 37 women, 5 had at least 1 prior miscarriage, while 19 of 37 patients were pregnant for the first time.
Nine women had a subsequent pregnancy: 5 in the cephalocele group, 2 in the encephalocele group, 1 with a former pregnancy with spina bifida, and 1 with iniencephaly. In all subsequent pregnancies, periconceptional folic acid supplementation was administered at doses of either 400 lg or 4 mg per day. Eight pregnancies were uneventful and resulted in the delivery of a healthy child. One subsequent pregnancy from the cephalocele group ended in idiopathic intrauterine fetal death at 21 6 2 weeks of gestation with no detectable alterations in fetal autopsy.
Macroscopic evaluation and confirmation were technically feasible in 7 of 27 cases of cephalocele, 5 of 5 anencephalies (Figure 6 
Conclusion
The prevalence of NTDs in established pregnancies is reported to be approximately 1 in 1000 pregnancies. 12 NTDs, as a heterogeneous group of different entities, are considered to be a result of impaired neurulation and/or skeletogenesis occurring 3 to 4 weeks after conception. This is equivalent to an embryo at Carnegie stage 13 with a CRL less than 5 mm. The shortest CRL reported in this study was nearly 8 mm. At this time, the neural tube should already be closed, and detection of an NTD is technically feasible. 7, 9 The group of NTDs included in this report consisted of cephaloceles, anencephalies, open spina bifida, caudal regression syndrome, and iniencephaly. Only anencephaly and open spina bifida are considered to be "true" defects after failure in neurulation. Cephaloceles ("herniation NTDs"), caudal regression syndromes, and, supposedly, iniencephaly may be classified as postneurulation disorders (eg, impaired skeletogenesis). All the aforementioned conditions may be referred to as (a wider group of) NTDs because of the multifactorial background of all these alterations 9 and their shared characteristic of responding to identical prophylactic strategies. [13] [14] [15] [16] In an evaluation of fetal autopsies, the incidence of NTDs was reported to be 11.4%. 17 This value is similar to our findings.
We did not find additional anomalies in cases where postmortem analysis was available, which was performed in less than half of the cases (16 of 37). Postmortem evaluation of the remaining 21 cases did not occur. Despite this lack of information, an isolated NTD at specific locations is known to be sufficiently potent to lead to embryonic or fetal demise. 8, 14 There are 2 distinctive regions along the neural tube in embryos where neurulation starts: The first site is located at the rostral extremity of the neural plate and spreads caudally, while the second site is located at the hindbrain and shows a bidirectional (rostral and caudal) closure. 9 Defects at the very rostral end of the embryo (types I and II) typically result in embryonic demise after the seventh week of gestation. Type III, IV, and V defects are juxtaposed, with the second closure starting point at the hindbrain region, and defects in this area lead to pregnancy loss in two thirds of cases before the seventh week of gestation. Type VI lesions affect the entire neural tube. This alteration almost always ends in early pregnancy loss before completing 5 weeks of gestation. 8 In the majority of our cases (26 of 37) (20-5-0-0-1), a defective closure site could be allocated to an area corresponding to Nakatsu type III, IV, and V defects.
Aneuploidies may be a frequent feature in cases of early pregnancy loss. For embryos and fetuses with NTDs, the rate of aneuploidies seems to be very low. One report detected only 1 aneuploidy fetus of 21 cases evaluated in the first trimester of pregnancy with an NTD. 18 These findings correspond to the fact that anencephalies and encephaloceles (despite the different etiologies) are more likely to be an isolated finding in early pregnancy loss and not part of a syndrome and/or chromosomal alteration. 15 Figure 9. A and B, Postmortem macroscopic images of an embryo (same embryo as in Figure 5 ) with iniencephaly.
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Our study is limited by the fact that we analyzed a single-center experience with a mixed low-and high-risk collection of pregnant women; these women represent a normal group of patients in a tertiary referral center but may not adequately reflect the average patient suffering from a missed abortion.
Preconceptional folic acid supplementation of 0.4 mg/day is effective in preventing NTDs in all pregnancies and should generally be recommended. Prophylactic management, including high-dose folic acid supplementation (4 mg/day), is mandatory after NTDs are detected in the first trimester of pregnancy. [13] [14] [15] This requirement also includes cephaloceles during a previous pregnancy. 15, 16 Therefore, periconceptional high-dose folic acid supplementation was recommended to all women with a suspected NTD resulting in early pregnancy loss, and 9 of these women presented with a subsequent pregnancy. No NTD occurred in any of the 9 subsequent pregnancies.
Ultrasonographic evaluation in early pregnancy loss should be considered. If carried out, a special emphasis should be placed on the evaluation of possible NTDs.
